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Background:  Studies  have  investigated  factors  related  to  aspiration  pneumonia  (AP)  onset  in stroke
patients.  However,  no  study  has  examined  the  inﬂuence  of  swallowing  function  assessment-based  strate-
gies.
Purpose:  The  purpose  of this  study  is to  investigate  factors  related  to the  onset  of  AP that  differ  before
and  after  swallowing  function  assessment.
Methods and subjects:  Subjects  consisted  of 143  patients  admitted  to  acute-stage  hospitals  within  7 days
of  stroke  onset.  We examined  the  association  between  AP  onset  within  1 year  after  stroke  and  several
parameters.
Results:  AP  incidence  was  24.5%  overall,  20.3%  before  swallowing  function  assessment,  and  7.7%  after
assessment.  In patients  who  developed  AP prior  to  swallowing  function  assessment,  the  onset  was  asso-
ciated  with  male  gender  [odds  ratio  (OR):  6.206,  95%  conﬁdence  interval  (CI):  1.871–28.937],  dysarthria
(OR:  5.683,  CI: 1.432–38.713),  and  denture  usage  (OR:  2.843,  CI: 1.011–8.048).  In those  who  devel-
oped  AP  after  swallowing  function  assessment,  AP  was  associated  with  cerebral  atrophy  (OR: 4.225,
CI:  1.071–16.705),  infracted  foci  in  the  basal  ganglia  (OR:  8.914,  CI: 1.489–77.776),  and  Barthel  Index  (BI)
<100  points  before  admission  (OR: 5.404,  CI: 1.418–21.482).
Conclusions: Onset  of AP after  stroke  was  associated  with  gender,  dysarthria,  denture  usage  at  before
swallowing  function  assessment  and  cerebral  atrophy,  infarcted  foci  in the  basal  ganglia,  and  BI  before
admission  at  after  swallowing  function  assessment.  It is necessary  to pay  attention  to  the  fact  that  factors
related  to AP  differ  before  and  after  swallowing  function  assessment  to  identify  patients  at  high risk  of
e.
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. Introduction
Pneumonia accounts for approximately 35% of deaths within
0 days of the onset of stroke. The mortality rate is three times
igher than that in patients without pneumonia [1]. Therefore,
neumonia is considered to be an important complication in the
cute stage of stroke. Most patients develop aspiration pneumo-
ia (AP). After the onset of stroke, approximately 50% of patients
xperience aspiration, and one-third of them develop AP, requir-
ng treatment [2]. Some studies have indicated that various factors,
ncluding the swallowing function, age, general condition, and oral
tate, are involved in the onset of AP [3,4]. One study reported that
∗ Corresponding author. Tel.: +81 52 759 2160; fax: +81 52 759 2160.
E-mail  addresses: s-nabeo@dpc.agu.ac.jp, snabeo wan@yahoo.co.jp
S. Watanabe).
348-8643/$ – see front matter ©  2013 Japanese Stomatological Society. Published by Els
ttp://dx.doi.org/10.1016/S1348-8643(13)00009-8ese Stomatological Society. Published by Elsevier Ltd. All rights reserved.
swallowing function assessment via a videoﬂuoroscopic swallow-
ing study (VFSS) and appropriate strategies decreased the incidence
of AP following stroke [5].
Strategies to prevent aspiration, such as the restriction of oral
ingestion and adjustment of dietary features, can be established
on the basis of results of swallowing function assessment. There-
fore, factors related to AP may  differ after swallowing function
assessment. However, no study has examined factors related to AP
considering the inﬂuence of strategies against aspiration on the
basis of the results of swallowing function assessment in combina-
tion with previous studies on factors related to AP and screening
tools of dysphagia/aspiration.
The  purpose of this study was  to investigate factors related to
the onset of AP that differ before and after swallowing function
assessment. We  investigated the association of the onset of AP using
a series of factors, including systemic and oral/pharyngeal functions
and states with reference to the results of previous studies [3–20].
evier Ltd. All rights reserved.
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. Material and methods
.1.  Subjects
We  selected 143 patients out of 145 who were admitted to the
epartments of Neurology or Stroke Medicine in acute-stage hos-
itals within 7 days of the onset of stroke between May  1996 and
ovember 2005 and underwent functional assessment under a ten-
ative diagnosis of dysphasia, without other disorders that may
ffect the swallowing function.
The median patient age was 72 years (range: 43–92 years).
here were 103 males (72.0%) and 40 females (28.0%). Concern-
ng the type of stroke, cerebral infarction was observed in 104
atients (72.7%) and cerebral hemorrhage (including subarachnoid
emorrhage) in 39 (27.3%). The median interval from onset until
wallowing function assessment was 27 days (7–135 days).
.2.  Methods
We  retrospectively evaluated the association between the onset
f AP within 1 year after stroke along with various other parame-
ers. When risk factors are eliminated by restricting oral ingestion
nd adjusting dietary features on the basis of the results of swal-
owing function assessment, the onset of AP may  be inﬂuenced.
herefore, concerning the onset of AP over 1 year after stroke, we
lassiﬁed the timing of the onset of AP onset into two  phases:
efore and after swallowing function assessment. We  then com-
ared results between the two phases. The scientiﬁc and ethical
ommittee of the involved institute approved the protocol for this
tudy.
.3. Parameters
.3.1. General patient information
General  patient information assessed included age, gender,
nd the presence or absence of the following concomitant dis-
rders [21]: cardiovascular (hypertension, myocardial infarction,
ngina pectoris, and arrhythmia); respiratory, excluding pneumo-
ia (bronchial asthma, bronchitis, and pulmonary emphysema);
iver disease (hepatitis requiring treatment); kidney disease (renal
ailure and nephrotic syndrome); ulcerative disorders (gastric
lcer); and diabetes.
The  presence or absence of history of pneumonia requiring
reatment, dementia before and after admission, and habitual
moking (one or more cigarettes per day) before admission, regard-
ess of the number of cigarettes, was also evaluated.
.3.2. Classiﬁcation of stroke
Stroke  was classiﬁed into two types: infarction and hemorrhage
including subarachnoid hemorrhage). Patients with a history of
ecurring symptomatic stroke were regarded as relapse cases.
.3.3.  Classiﬁcation on the basis of examination results
On  the basis of computed tomography (CT)/magnetic resonance
maging (MRI), the presence or absence of cerebral atrophy of the
arenchyma, regardless of the site or extent, was documented. Clas-
iﬁcation was based on the infarction site [6], and infarcted foci
ere categorized into ﬁve sites: (1) entire area of the middle cere-
ral artery (MCA); (2) deep MCA  area (corresponding to the internal
apsule, caudate nucleus, putamen, and pale globe sites); (3) cor-
ex of the MCA  area; (4) brain stem (medulla oblongata, pons, and
idbrain); and (5) cerebral basal ganglia (extensive or multiple
nfarcted foci in the cerebral basal ganglia). When several lesions
ere present, they were duplicated for registration.ernational 11 (2014) 15– 21
Classiﬁcation was  also based on the infarcted focus site [7]. MCA-
area lesions were classiﬁed into three groups, namely left, right, and
bilateral sides, on the basis of their localization.
Sites of blood ﬂow reduction according to cerebral blood ﬂow
scintigraphy were also classiﬁed into three groups: left, right, and
bilateral sides.
2.3.4.  Grade of functional disorders
The Barthel Index (BI) was  examined before admission and upon
swallowing function assessment. Scores were classiﬁed, regarding
the border as 60 (0–59, ≥60), 90 (0–89, ≥90), and 100 points (0–99,
100) [22].
The  presence or absence of consciousness disorder upon swal-
lowing function assessment was  graded according to the Japan
Coma Scale (JCS) [23]. Patients with a one-ﬁgure number or more
were regarded as having a consciousness disorder.
The side (left, right) affected by quadriplegia (motor paralysis)
was also documented.
2.3.5.  Swallowing function assessment
The following items were evaluated by swallowing function
assessment to assess oral/pharyngeal function and state:
(1)  Presence or absence of dysarthria evaluated on the basis of
auditory  impression;
(2) presence or absence of pharyngeal reﬂex (test with a swab or
dental  mirror);
(3) whether volitional coughing is possible;
(4)  whether dry swallowing is possible (once or more);
(5) presence or absence of oral dryness (dryness evaluated on
inspection);
(6) presence or absence of residual teeth (presence of one tooth or
more);
(7) presence or absence of dentures.
The presence or absence of aspiration was evaluated using VFSS.
Patients were instructed to swallow 5 ml  of an aqueous/viscous
solution two  or more times each in frontal and lateral views. If the
sample passed through the vocal cords, it was regarded as aspira-
tion [8].
Patients were screened for dysphagia by cervical auscultation.
A stethoscope was placed on the skin above the lateral trachea
immediately below the annular cartilage. Patients were instructed
to swallow 3 ml  of cool water, and sounds were classiﬁed into
two types: “swallowing sounds” and “expired air sounds follow-
ing swallowing” [9,10]. Prolonged or weak swallowing sounds were
regarded as abnormal. For expiratory sounds following swallowing,
patients were instructed to breathe immediately after swallowing.
In comparison to “clear” expired air sounds before sample swallow-
ing, “choking sounds,” “moist sounds,” and “bubble sounds” were
regarded as abnormal.
2.3.6.  Deﬁnition of AP
Among  patients diagnosed with AP by attending physicians in
the Departments of Neurology and Stroke Medicine, those with
fever ≥37.0 ◦C and pneumonia on chest X-ray were selected as
described by Kwon et al. [3] and Mann et al. [8].
2.3.7. Data analyses
To  examine the association between the onset of AP before and
after swallowing function assessment along with various associ-
ated parameters, univariate analysis was conducted (Fisher’s exact
test). When there was a signiﬁcant difference, multivariate analysis
(logistic regression analysis) was  conducted by adjusting the data
by age/gender, and the odds ratio (OR) and 95% conﬁdence interval
S. Watanabe et al. / Oral Science International 11 (2014) 15– 21 17
Table  1
Patient characteristics and intervals from the onset of stroke until that of aspiration pneumonia (AP).
n:143 Incidence of AP Gender difference
among patients
with  AP
Incidence of AP
within  1 month
after  the onset of
stroke
Interval  from the
onset  of stroke
until  that of AP
(days)
Present Absent Male Female Median (range)
Overall 35 (24.5%) 108 (75.5%) 32 (91.4%) 3 (8.6%) 28/35 (80.0%) 12 (2–264)
Before  swallowing function assessment 29 (20.3%) 114 (79.7%) 26 (89.7%) 3 (10.3%) 28/29 (96.6%) 10 (2–45)
After  swallowing function assessment 11 (7.7%) 132 (92.3%) 11 (100%) 0 1/11 (9.1%) 87 (14–264)
Table 2
Therapy and nutrition of aspiration pneumonia (AP) before and after swallowing function assessment.
n:143 Therapy Nutrition
No Indirect Indirect and Direct PEG Infusion Nasogastric tube Oral
Before swallowing function assessment 78 12 53 0 82 2 59
0 
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WAfter  swallowing function assessment 36 7 10
EG, percutaneous endoscopic gastrostomy.
95% CI) were calculated. JMP  5.1.2 statistical software (SAS Insti-
ute Inc., Cary, NC, USA) was used for all analyses, and p-values <0.05
ere regarded as signiﬁcant. Because all patients with AP after
wallowing function assessments were male, data were adjusted
y age alone.
.  Results
Study subjects consisted of 143 stroke patients (103 males:
2.0%, 40 females: 28.0%) treated between May  1996 and November
005. AP developed in 35 (24.5%) of the subjects, (32 males: 91.4%,
hree females: 8.6%): 29 before swallowing function assessment
26 males, three females) and 11 after the assessment (11 males).
f the 11 males, ﬁve also developed AP before assessment. The
edian interval from the onset of stroke until that of AP was 12
ays (2–264 days). In patients with AP before swallowing func-
ion assessment, the median interval was 10 days (2–45 days). In
atients with AP after swallowing function assessment, the median
nterval was 87 days (14–264 days). A total of 28 (80.0%) of the
5 patients with AP, 28 (96.6%) of the 29 patients before swal-
owing function assessment, and one (9.1%) of the 11 patients
able 3
ssociation between the onset of aspiration pneumonia (AP) before/after swallowing fun
nalysis). The percentage is the proportion of examination items with the presence or ab
n = 143
Examination item AP before swallowing function assessme
Present (n = 29) Absent (n = 114) 
n % n % 
Age (≥72) 20 69.0 54 47.4
Gender  (male) 26 89.7 77 67.5
Presence of concomitant disorders 20 69.0 95 83.3
Presence  of respiratory disorders 2 6.9 3 2.6 
History of pneumonia 1 3.5 5 4.4 
Presence  of dementia 5 17.2 6 5.3 
Smoking  11/28 39.3 36/106 34.0
Type  of stroke 
Infarction  22 75.9 82 71.9
Hemorrhage 7 24.1 32 28.1
Differentiation of initial/recurrent stroke
Initial  onset 20 69.0 81 71.1
Relapse  9 31.0 33 29.0
hen the number of analyzed subjects was  less than 143, the number of patients was de
† Fisher’s exact test
* P < 0.05.13 4 18 108
after  assessment developed AP within 1 month of having a stroke
(Table 1). Indirect and direct therapy was  provided in 53 cases after
swallowing function assessment and 100 cases before swallow-
ing function assessment. Oral nutrition intake occurred in 59 cases
after swallowing function assessment and in 108 before swallowing
function assessment (Table 2). In seven patients (4.9%), swallowing
was not triggered on VFSS. Aspiration was conﬁrmed in 84 patients
(58.7%).
3.1. Association between the onset of AP before swallowing
function assessment and various parameters
According to univariate analysis, male gender (p = 0.0199),
dementia (p = 0.0461), dysarthria (p = 0.0212), and denture usage
(p = 0.0377) were associated with the onset of AP prior to swal-
lowing function assessment. According to multivariate analysis,
male gender (OR: 6.206, 95% CI: 1.871–28.937), dysarthria (OR:
5.683, 95% CI: 1.432–38.713), and denture usage (OR: 2.843, 95%
CI: 1.011–8.048) were associated with the onset of AP before swal-
lowing function assessment (Tables 3–7).
ction assessment and general patient information/stroke classiﬁcation (univariate
sence of AP.
nt AP after swallowing function assessment
P-value† Present (n = 11) Absent (n = 132) P-value†
n % n %
 0.0599 9 81.8 65 49.2 0.0571
 0.0199* 11 100 92 69.7 0.0344*
 0.1135 9 81.8 106 80.3 1.0000
0.2670 2 18.2 3 2.3 0.0475*
1.0000 2 18.2 4 3.0 0.0683
0.0461* 1 9.1 10 7.6 0.5992
 0.6584 2/9 18.2 45/123 36.6 0.3275
0.8166 1.0000
 8 72.7 96 72.7
 3 27.3 36 27.3
0.8225 0.3001
 6 54.5 95 72.0
 5 45.5 37 28.0
scribed as a denominator.
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Table  4
Association between the onset of aspiration pneumonia (AP) before/after swallowing function assessment and stroke classiﬁcation on the basis of CT/MRI/cerebral blood
ﬂow  scintigraphy (univariate analysis). The percentage is the proportion of examination items with the presence or absence of AP.
n = 143
Examination item AP before swallowing function assessment AP after swallowing function assessment
Present (n = 29) Absent (n = 114) P-value† Present (n = 11) Absent (n = 132) P-value†
n % n % n % n %
CT/MRI images
Presence of cerebral atrophy 6/28 21.4 20/112 17.9 0.7859 5/10 50.0 21/130 16.2 0.0198*
Lesion localization
Infarcted focus site
Entire  MCA region 14/20 70.0 55/79 69.6 1.0000 3/6 50.0 66/93 71.0 0.3635
Deep  MCA  region 7/20 35.0 30/79 38.0 1.0000 3/6 50.0 34/93 36.6 0.6684
Cortex  of the MCA  region 3/20 15.0 12/79 15.2 1.0000 0/6 0 15/93 16.1 0.5867
Brain  stem 7/20 35.0 31/79 39.2 0.8013 1/6 16.7 37/93 39.8 0.4016
Basal  ganglia 3/20 15.0 23/79 29.1 0.2622 4/6 66.7 22/93 23.7 0.0396*
MCA-area lesions
Right  5/20 25.0 25/79 31.6 0.7859 3/6 50.0 27/93 29.0 0.3635
Left  6/20 30.0 20/79 25.3 0.7769 2/6 33.3 24/93 25.8 0.6515
Bilateral  4/20 20.0 17/79 21.5 1.0000 1/6 16.7 20/93 21.5 1.0000
Cerebral  blood ﬂow scintigraphy
Right 5/20 25.0 26/85 30.6 0.7872 2/5 40.0 29/100 29.0 0.6306
Left  4/20 20.0 17/85 20.0 1.0000 0/5 0 21/100 21.0 0.5804
Bilateral  11/20 55.0 40/85 47.1 0.6216 3/5 60.0 48/100 48.0 0.6725
CT, computed tomography; MRI, magnetic resonance imaging; MCA, midlle cerebral artery.
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When  the number of analyzed subjects was less than 143, the number of patients w
† Fisher’s exact test.
* P < 0.05.
.2. Association between the onset of AP after swallowing
unction assessment and various parameters
According to univariate analysis, male gender (p = 0.0344),
espiratory disorders (p = 0.0475), cerebral atrophy (p = 0.0198),
nfarcted foci in the basal ganglia (p = 0.0396), BI <90 points
efore admission (p = 0.0343), BI <100 points before admission
p = 0.0042), dysarthria (p = 0.0141), incapability of dry swallowing
p = 0.0161), and aspiration on VFSS (p = 0.0437) were associated
ith the onset of AP after swallowing function assessment. Accord-ng to multivariate analysis, cerebral atrophy (OR: 4.225, 95% CI:
.071–16.705), infarcted foci in the basal ganglia (OR: 8.914, 95%
I: 1.489–77.776), and BI <100 points before admission (OR: 5.404,
able 5
ssociation between the onset of aspiration pneumonia (AP) before/after swallowing 
ercentage is the proportion of examination items with the presence or absence of AP.
n = 143
Examination item AP before swallowing function assessment 
Present (n = 29) Absent (n = 114) 
n % n % 
Barthel Index (before admission)
<60 points 3 10.3 9/113 8.0 
<90  points 4 13.8 14/113 12.4 
<100 points 7 24.1 18/113 16.0 
Barthel Index (on swallowing function assessment)
<60 points 24 82.8 83/113 73.5 
<90  points 29 100 105/113 93.0 
<100  points 29 100 107/113 94.7 
Presence  of consciousness disorder 20/27 74.1 75/113 66.4 
Quadriplegia  
Right  11/23 47.8 44/92 47.8 
Left 12/23 52.2 48/92 52.2 
hen the number of analyzed subjects was less than 143, the number of patients was de
† Fisher’s exact test.
* P < 0.05.
** P < 0.01scribed as a denominator.
95%  CI: 1.418–21.482) were associated with the onset of AP after
swallowing function assessment (Tables 3–7).
4. Discussion
4.1. Factors related to the onset of AP before and after swallowing
function assessment
4.1.1.  Factors related to the onset of AP before swallowingSeveral  studies have reported an association between male gen-
der and the onset of AP in the acute stage of stroke (within 30 days
after the onset of stroke, Kwon et al. [3]; within 3 months after
function assessment and grade of functional disorders (univariate analysis). The
AP after swallowing function assessment
P-value† Present (n = 11) Absent (n = 132) P-value†
n % n %
0.7103 1 9.1 11/131 8.4 1.0000
0.7634 4 36.4 14/131 10.7 0.0343*
0.2888 6 54.6 19/131 14.5 0.0042**
0.3450 9 81.8 98/131 74.8 1.0000
0.2074 11 100 123/131 93.9 1.0000
0.3466 11 100 125/131 95.4 1.0000
0.4994 8 72.7 87/129 67.4 1.0000
1.0000 0.4939
3/9 33.3 52/106 49.1
6/9 66.7 54/106 50.9
scribed as a denominator.
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Table  6
Association between the onset of aspiration pneumonia (AP) before/after swallowing function and oral/pharyngeal function/state and swallowing function assessment
(univariate analysis). The percentage is the proportion of examination items with the presence or absence of AP.
n = 143
Examination item AP before swallowing function assessment AP after swallowing function assessment
Present (n = 29) Absent (n = 114) P-value† Present (n = 11) Absent (n = 132) P-value†
n % n % n % n %
Oral/pharyngeal function and state
Presence of dysarthria 21/23 91.3 64/95 67.4 0.0212* 3/9 33.3 82/110 75.2 0.0141*
Absence of pharyngeal reﬂex 17/26 65.4 57/94 60.6 0.8203 5/10 50.0 69/110 62.7 0.5042
Inability  to cough 14/26 53.9 40/94 42.6 0.3748 3/10 30.0 51/110 46.4 0.5089
Inability  to dry swallowing 5/26 19.2 9/95 9.5 0.1777 4/10 40.0 10/111 9.0 0.0161*
Presence of oral dryness 6/26 23.1 16/94 17.0 0.5673 4/10 40.0 18/110 16.4 0.0843
Presence  of residual teeth 2/26 7.7 16/95 16.8 0.3560 3/10 30.0 15/111 13.5 0.1690
Presence  of dentures 11/26 42.3 19/95 20.0 0.0377* 3/10 30.0 27/111 24.3 0.7078
Swallowing  function assessment
Presence  of aspiration on VFSS 14/25 56.0 70/111 63.1 0.5056 7/7 100 77/129 59.7 0.0437*
Screening test
Cervical  auscultation
Aabnormal sounds at the time of swallowing 14/21 66.8 44/84 52.4 0.3274 7/9 77.8 51/96 53.1 0.1828
Aabnormal  expiratory sounds after swallowing 22/25 88.0 76/95 80.0 0.5615 8/9 88.9 90/111 81.1 1.0000
W as de
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Chen the number of analyzed subjects was  less than 143, the number of patients w
† Fisher’s exact test.
* P < 0.05.
he onset of stroke, Aslanyan et al. [11]). In particular, Kwon et al.
3] assumed that estrogen/progesterone-related gender differences
nvolved in protection of the central nervous system and immune
esponse contributed to a higher incidence of AP in males.
Other  studies have indicated that incidences of postoperative
ound infection and pneumonia are lower in females and thatheir prognosis in cases of postoperative sepsis is more favorable
24,25]. According to these studies, this is possibly because the
mmune response differs between males and females via the inﬂu-
nce of estradiol, a female hormone. For similar reasons, gender
able 7
ultivariate analysis of aspiration pneumonia before/after swallowing function assessm
nalysis (logistic regression analysis) was conducted by adjusting the data by age/gender
Examination item O
Before swallowing function assessment
Gender Female 1
Male  6
Dementia Absent  1
Present  4
Dysarthria Absent  1
Present  5
Dentures Absent  1
Present  2
After  swallowing function assessment
Gender Female 1
Male  1
Respiratory  disorders Absent  1
Present  8
Cerebral  atrophy on CT/MRI Absent  1
Present  4
Infarcted  foci in the basal ganglia
on CT/MRI
Absent 1
Present  8
BI  <90 points before admission ≥90  points 1
<90  points 3
BI  <100 points before admission 100 points 1
<100  points 5
Dysarthria Absent  1
Present  0
Dry  swallowing Absent 1
Present  4
Aspiration  on VFSS Absent  1
Present  3
T, computed tomography; MRI, magnetic resonance imaging; BI, Barthel Index; VFSS, vi
* Analysis was  impossible because the data were inconsistent.scribed as a denominator. VFSS, videoﬂuoroscopic swallowing study.
may  inﬂuence the host’s resistance, contributing to its association
with the onset of AP. Furthermore, all patients in our study who
developed AP after swallowing function assessment were male,
possibly because of a similar reason.
There is a report of an association between dysarthria and the
onset of AP [12]; however, no study has investigated a direct associ-
ation. In the oral phase at the time of swallowing, the harmonization
of factors such as the range of tongue motion, tongue pressure,
lingual coordination, adherence between the tongue and palate,
tongue elevation, and contact between the tongue base and soft
ent. When there was  a signiﬁcant difference by univariate analysis, multivariate
, and the odds ratio and 95% conﬁdence interval were calculated.
dds ratio 95% conﬁdence interval P-value
.206 1.871–28.937 0.0072
.224 0.964–20.049 0.0561
.683 1.432–38.713 0.0306
.843 1.011–8.048 0.0464
07,836.645 –* 0.9158
.324 0.987–58.348 0.0319
.225 1.071–16.705 0.0352
.914 1.489–77.776 0.0231
.683 0.843–14.398 0.0656
.404 1.418–21.482 0.0130
.121 0.022–0.533 0.0078
.559 0.979–19.788 0.0434
9,754.132 –* 0.9161
deoﬂuoroscopic swallowing study.
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alate is important [13]. On articulation, the harmonization of
actors such as lip closure, range of tongue motion, and nasopha-
yngeal closure is necessary, resembling oral-phase swallowing
unctions. Therefore, dysphagia or aspiration may  occur in patients
ith dysarthria, and dysarthria may  thus be associated with the
nset of AP.
Many  microorganisms adhere to dentures. The types of microor-
anisms identiﬁed from dentures were consistent with those
dentiﬁed on the pharyngeal mucosa in 70.6% patients. Several
tudies have suggested that the level of adhesion of pharyngeal
icroorganisms and bacterial type are important etiological fac-
ors for respiratory infection [26]. Therefore, dentures should be
horoughly cleaned to prevent AP. However, in the acute stage,
ral care, including denture cleaning, may  be insufﬁcient because
f the severity of patients’ general condition, thereby increasing the
bsolute bacterial count. In patients in whom oral ingestion was ini-
iated prior to swallowing function assessment, causative bacteria
hat had adhered to dentures may  have been frequently aspirated
t meals or upon swallowing, contributing to the onset of AP.
.1.2.  Factors related to the onset of AP after swallowing function
ssessment
As  a mechanism, atrophy may  reduce intellectual function, par-
icularly attentiveness, thereby causing consciousness disorder and
ysphagia by affecting the swallowing function. Atrophy-related
unctional disorders do not subside, and protracted dysphagia may
ead to aspiration.
Several studies have reported an association between infarc-
ion of the basal ganglia and the onset of AP [14,15]. Infarction of
he basal ganglia may  affect the dopamine–substance P active neu-
on system projected from the region of the basal ganglia, which is
mportant for swallowing and cough reﬂexes. Aspiration can result
rom a reduction in these reﬂexes, which may  contribute to the
nset of AP. The results of our study support this ﬁnding.
In  this study, there was no association between AP and the iso-
ortex and brain stem, which are important for swallowing [16,17].
his was possibly due to sufﬁcient coughing action via maintenance
f the host’s resistance, which reduced the risk of AP even when
troke affecting these sites caused dysphagia or aspiration.
Some  studies have reported an association between dyspha-
ia/pneumonia and physical function after admission [3,7,11]. The
eduction of activities of daily living (ADL) may  decrease the physi-
al reserve, thereby increasing the risk of AP. In patients with a low
DL score before the onset of stroke, in whom the physical reserve is
educed, stroke may  have further reduced the swallowing function
nd physical reserve, thereby contributing to the onset of AP.
.2.  Aspiration on VFSS
Previous  studies have emphasized the presence or absence of
spiration on VFSS as a factor affecting the onset of AP [18–20].
ur univariate analysis showed such an association with the onset
f AP after swallowing function assessment. However, there was
o signiﬁcant association on multivariate analysis, possibly for the
ollowing reasons:
(1)  VFSS was performed in the sitting position, after a stable
ondition made this position possible, regardless of the grade of
wallowing function recovery; therefore, VFSS may  have been
onducted in the recovery phase of swallowing function and not
t the time of severe dysphagia early after onset. Thus, despite
he presence of aspiration before VFSS, it may  not have been
onﬁrmed at the time of examination. (2) In most patients with
P before swallowing function assessment or within 1 year after
troke, the interval from the onset of stroke until AP was 1 month
r less. However, in those with AP after swallowing function
ssessment, the median interval was 87 days, with only a fewernational 11 (2014) 15– 21
patients  showing an interval of 1 month or less. Thus, in the acute
stage, the inﬂuence of other factors may  be marked, and aspiration
on VFSS may  not be associated with the onset of AP. (3) Aspiration
on VFSS reﬂects the state of swallowing on examination but not
the state of swallowing during meals.
VFSS is considered to be the gold standard of swallowing
function assessment [27]. However, Singh et al. [28] indicated
that VFSS sample features differed from standard dietary fea-
tures and that VFSS ﬁndings reﬂected the patient’s swallowing
condition regarding the examination objective but not the risk
of aspiration at meals. Furthermore, Langmore et al. [4] exam-
ined predictive factors for AP in 189 male patients over 60
years of age and reported that there was no association between
aspiration on VFSS and AP by multivariate analysis. They hypoth-
esized that this was  possibly because VFSS ﬁndings did not
reﬂect the state of oral ingestion in daily life or because slight
aspiration could not be detected during typical swallowing assess-
ments. As demonstrated in these studies, aspiration on VFSS
reﬂects the state of swallowing at the time of evaluation but
not at meals; therefore, it may  be important to observe the
diet and evaluate the patient’s swallowing condition during
meals.
4.3. Inﬂuence of swallowing function assessment
In our subjects, the incidence of AP was 24.5%, similar to that
in stroke patients in other studies (4.7–23.3%) [3,5,8,11]. Further-
more, the median interval from the onset of stroke until that
of AP was 12 days. In 80.0% of patients, AP developed within 1
month after the onset of stroke, which corresponded well with
previous ﬁndings [8]. In addition, the incidence of AP before and
after swallowing function assessment, including VFSS, was 20.3%
and 7.7%, respectively. Therefore, strategies, including the selec-
tion of an appropriate alimentation route, adjustment of dietary
features, and training, on the basis of the results of swallowing
function assessment may  be important to decrease the incidence of
AP.
Concerning the onset of AP before swallowing function assess-
ment, “male gender” was associated with the host’s resistance,
“dysarthria” with aspiration, and “denture usage” with changes
in the oral/pharyngeal bacterial ﬂora. ORs for dysarthria and male
gender were 5.683 and 6.206, respectively, which were higher than
that for denture usage (2.843). Therefore, aspiration and the host’s
resistance associated with these two items may  be important. Of
these, “male gender” associated with the host’s resistance did not
correlate with the onset of AP after swallowing function assess-
ment. However, all patients with AP were male. Therefore, this
factor may  not be characteristic of the onset of AP before swal-
lowing function assessment. Furthermore, aspiration may  be an
important factor because severe dysphagia may  occur in this phase.
After this assessment, the interval from the onset of stroke to
AP was  prolonged. While central function may  have improved, the
reduction of reﬂex/center responsiveness, which does not readily
improve, may  inﬂuence swallowing. Furthermore, BI before admis-
sion (<100 points) suggested that limb dysfunction that does not
readily subside, i.e. central dysfunction, persists via physical hypo-
function and stroke. Therefore, in this phase, the inﬂuence of
pronounced central disorder may  be marked.
In conclusion, we  found that AP after stroke was associated
with gender, dysarthria, denture usage before swallowing func-
tion assessment and cerebral atrophy, infarcted foci in the basal
ganglia, and BI before admission after swallowing function assess-
ment. The results of our study suggest that factors related to the
onset of AP differ before and after swallowing function assessment.
It is necessary to pay attention to the fact that factors related to AP
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iffer before and after swallowing function assessment to identify
atients at high risk of developing AP after stroke.
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